Many studies have shown that smoking can be related to worse sleep quality. However, as the impact of smoking, double view points on mental health and chronotype have been shortened. An integrated questionnaire including the diurnal type scale constructed by Torsvall & Åkerstedt, and questions on smoking was administered to 1376 students attending university and mental training schools (693 women and 683 men), 19.9 years on average in 2010-2013. Only 4.1% of the participants were smokers and they tended to be more evening-typed than non-smokers (p = 0.061). Smokers had significantly more difficulty falling asleep (p = 0.003) and more frequently lacked emotional control (p = 0.001) than non smokers. Smoking, being evening-type and having poor mental health may all be correlated in students attending Japanese university and medical training schools.
Introduction
described in a review that nicotine consumption influences mood and sleep by acting on * Corresponding author. various neurotransmitter systems in synapses, and promotes lingered sleep latency, sleep fragmentation, decreased slow wave sleep, daytime sleepiness and suppression of rapid eye movement (REM) sleep. Sabanayagam and Shankar (2011) examined the association between smoking, smokeless tobacco use, second-hand smoke exposure and insufficient sleep in more than 100,000 individuals using the U.S. state-based 2008 Behavioral Risk Factor Surveillance System. Participants who were both current smokers and current smokeless cigarette users had twice the odds of insufficient sleep. Moreover, participants who were exposed to second-hand smoke showed a significant risk of insufficient rest/sleep. Liu et al. (2013) investigated the impact of cigarette smoking on memory and sleep quality in 68 healthy participants using the Wechster Memory Scale Revised (Hunsley & Lee, 2010 ) and a Chinese Pittsburgh Sleep Quality Index (Ho & Fong, 2014) . Smokers had poorer visual memory and poorer sleep quality than nonsmokers. Polisomnography (PSG) analysis was performed by Jaehne et al. (2012) and PSG sleep laboratory data was obtained from 44 smokers aged 29.6 years on average and compared to 44 non-smokers. Smokers showed a shorter sleep period, longer sleep latency, higher REM sleep density and more sleep apneas and leg movements in sleep than non-smokers. Moreover, plasma nicotine levels in smokers correlated negatively with amount of slow wave sleep. Brook et al. (2012) examined whether trajectories of cigarette smoking in adulthood predict insomnia among women in late mid-life using multivariate logistic regression analysis. Structured interviews at four time waves in adulthood (mean ages = 40, 43, 48 and 65 years) showed that members of the chronic heavy smoking trajectory group were more likely to report insomnia at mean age 65.
Hamidovic and Wit (2009) tested whether sleep deprivation promotes smoking behavior in healthy smokers using a two session within subject study after overnight sleep deprivation or after a normal night of sleep. Sleep deprivation increased fatigue, decreased arousal and increased the number of subjects who chose "cigarettes" instead of "money" as rewards to reduce the sleepiness.
Several studies have showed that smoking is related to poor sleep quality. Wittmann et al. (2006) examined the relationship between chronotype and smoking on 501 German volunteers and reported a striking correlation between chronotype and smoking, and smoking frequency is significantly higher in late chronotypes of all ages. The same research team analysed the same data base as Wittmann et al. (2006) used and concluded that the mediation analysis suggested that only those late chronotypes who smoke and those who drink more suffer from increased psychological distress (Wittmann et al., 2010) . Randler (2008) also reported that smokers are more evening-typed and had a greater difference in wake-up times between week days and weekends than non-smokers. Nakade et al. (2009) reported also that smokers were more evening-typed and with lower sleep quality than non smokers in Japanese university students.
As the impact of smoking, double view points on mental health and chronotype have been shortened. It has been remained to be studied whether the worse mental health induced by smoking is direct effect of nicotine on the brain or indirect effect through the evening-typed life style which was induced by the smoking. This is the primary research question of this study.
On the other hand, all the epidemiological studies have been based on relatively small size of samples less than 700 and there have been no studies on large samplings more than 1000 on the relationship between chronotype and smoking. This study, secondly, aims to examine the relationship between smoking and circadian typology & sleep habits of large sampling more than 1000 Japanese university students.
Methods

Questionnaire Work and Participants
An integrated questionnaire (Harada et al., 2012; Harada et al., 2013; Akimitsu et al., 2013 ) included a diurnal type scale (Torsvall & Åkestedt, 1980; Harada et al., 2011) questions on sleep habits and sleep quality, questions on mental health (frequency of lacking emotional control, irritation, anger from a small trigger and depression), question on frequency of watching late-night TV and questions on smoking ( Table 1) . The questionnaire was administered to 1376 students in university or medical training school for physical therapists and medical nurses (693 women and 683 men) aged 18 to 30 years (more than 95% 18 -22 years) in May to October, 2010-2013. The response rates for this sample were 98% to 100%.
Statistic Analysis
The questionnaire data was analyzed with SPSS 12.0 statistical software. Comparison between smokers and non-smokers was performed with Mann-Whitney U tests for continuous values. For categorical data, χ 2 -tests were used to analyze differences between smokers and non-smokers.
Ethic Treatment
The study followed the guidelines established by the Chronobiology International Journal for the conduct of research on human subjects (Portaluppi et al., 2010) . Before administrating the questionnaires, each participant was given a written explanation that detailed the concepts and purposes of the study and stated that their answers would be used only for academic purposes. After the above explanation, all participants agreed completely with the proposal. The study was also permitted by the ethic committee in the Laboratory of Environmental Physiology, Graduate School of Integrated Arts and Sciences, Kochi University which carried out an ethical inspection of the contents of the questionnaire.
Results
Only 4.7% (females: 2.0%, males: 7.5%) of students attending university or medical training schools were smokers. Smokers were more evening-typed than non-smokers (Mann-Whitney U-test: z = −2.402, p = 0.016) (Figure 1, Figure 2 ). Bedtime and wake-up times in both weekdays and weekend of smokers were significantly later than those of non-smokers ( Table 2 ). The sleep duration both in weekdays and holidays was slightly longer than that of non-smokers ( Table 2) . Smokers had difficulty falling asleep both before weekdays and weekend more frequently than non-smokers both of females and males (Table 3(a), Table 3(c)). Moreover, smokers had difficulty awakening in weekdays more frequently than non-smokers (Table 3(b) ). Frequency of smokers to feel tired in school was significantly higher than that of non-smokers (Table 3(d) ). Smokers experienced a lack of In smokers and non-smokers altogether, evening-typed students (with diurnal type scores ranging from 7 to 12 points, mean ± SD [n]: 11.58 ± 2.35 [367]) had lower mental health index scores than medium-typed students (13 to 17 points, 12.07 ± 2.18 [766] ) and morning-typed students (18 to 28 points, 12.19 ± 2.56 [350] ; KruskalWallis test: χ 2 -value = 21.30, df = 2, p < 0.001). The diurnal type scores were weakly, significantly and positively correlated with the mental health scores in the total data (morning types had better mental health overall; Pearson's correlation analysis: r = 0.099, n = 1486, p < 0.001).
Discussion
In Japanese students aged 18 -30 years, smoking appears to be related to being evening-typed, lower quality of sleep, shorter sleep duration and poorer mental health. So far, several studies have shown that healthy smokers have a poorer quality of sleep and shorter sleep duration. For example, a recent population-based case-control study in Germany on 1071 healthy smokers and 1243 healthy non-smokers showed an elevated prevalence of sleep disturbance in smokers compared with non-smokers (Cohrs et al., 2014) . As another example, Lien et al. (2009) showed that there was a statistically significant association between daily smoking at age 15 and mental distress at age 18 for girls, but not for boys (odds ratio 2.0 [1.5 -2.8] and 1.3 [0.7 -2.4], respectively). In girls, the association remained statistically significant even after adjustment for sociodemographic variables and several lifestyle factors in the adolescents of Norway. To the best of our knowledge, however, this study is the first to report on the relationship between the smoking habits and an evening-typed lifestyle for the large samples more than 1000. ANCOVA analysis showed a significant relationship between smoking and poor mental health even with diurnal type as a covariant (relationship between smoking/non-smoking and mental health index score with diurnal type (morning-type, medium type and evening type) as a covariant: F = 3.899, df = 1, p = 0.049). This would indicate that the smoking habit by students with poorer mental health may not be via the evening-typed lifestyle which can be possible to induce worse mental health of smokers, but direct effect on worse mental health.
